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1. A frequency of D125C va lues  f o r  t he  103 sporeforming i s o l a t e s  from 
Mariner Nars '69  was repor ted  i n  Report No. 26. The r e s u l t s  demonstrated 
t h a t  employing the  mean of these  D values a s  t h e  b a s i s  of a  s t e r i l i -  
125C 
za t ion  cycle  would not  be r e a l i s t i c .  I n  a d d i t i o n ,  i t  was ev ident  t h a t  
Bac i l l u s  s u b t i l i s  var .  n ige r  spores  do no t  possess  the  degree of h e a t  
r e s i s t a n c e  t h a t  could be considered a s  " r ep resen ta t ive"  f o r  spores  asso-  
c i a t ed  with spacec ra f t .  I n  t he  p a s t  q u a r t e r ,  t h e  103 spore i s o l a t e s  
from Mariner Mars '69  were i d e n t i f i e d  t o  spec i e s  i n  order  t o  determine 
any poss ib l e  c o r r e l a t i o n  between spore type and d r y  h e a t  r e s i s t a n c e .  
The i d e n t i f i c a t i o n  scheme employed i s  shown i n  Table 1. Table 2 shows 
the d i s t r i b u t i o n  of spec i e s  and D va lues .  B a c i l l u s  f i rmus,  g. 
125C 
l icheni formis ,  and B. p u l v i f a c i e n s  were t h e  spec i e s  found most f r equen t ly .  
No c o r r e l a t i o n  between spec i e s  and dry  h e a t  r e s i s t a n c e  could be demon- 
s t r a t e d .  
F ive  of the  103 i s o l a t e s  were i d e n t i f i e d  a s  B. s u b t i l i s ,  the pa ren t  
s t r a i n  of a. s u b t i l i s  var .  n ige r .  However, none possessed the  pigmen- 
t a t i o n  necessary t o  c l a s s i f y  a 2. s u b t i l i s  i s o l a t e s  a s  v a r i e t y  n i g e r .  
This observa t ion ,  coupled wi th  the  f a c t  t h a t  no q u a l i t a t i v e  spore assay  
of any o ther  s p a c e c r a f t  has y ie lded  even a  s i n g l e  g. s u b t i l i s  va r ,  n i v e r  
i s o l a t e  would c a s t  s e r i o u s  doubt upon the  adopt ion  of t h i s  organism a s  
" r ep resen ta t ive"  of spore  contaminants on s p a c e c r a f t  i n  any capac i ty .  
2 .  R e s u l t s  presented i n  p a s t  q u a r t e r l y  r e p o r t s  have ind ica t ed  t h a t  
n a t u r a l l y  occurr ing  b a c t e r i a l  spores  l o s e  vary ing  degrees of r e s i s t a n c e  
t o  d ry  h e a t  when subcul tured on convent ional  l abo ra to ry  media (TAM, 
TSA, Nut r ien t  Agar, e t c . ) .  It was suggested t h a t  c a l c u l a t i o n  of 
spacec ra f t  s t e r i l i z a t i o n  cyc les  be based on d r y  h e a t  r e s i s t a n c e  va lues  
obtained from p e r t i n e n t  n a t u r a l l y  occurr ing  spore populat ions r a t h e r  than  
a  subcul tured " r ep resen ta t ive"  spore  crop.  Obviously, t he  most p e r t i n e n t  
spore populat ions i n  ques t ion  would be those spores  taken d i r e c t l y  from 
spacec ra f t  su r f aces  i n  t h e i r  app ropr i a t e  assembly environments. I n  
p r a c t i c e ,  however, t he  low l e v e l s  of  spores  de tec ted  preclude the use of 
space hardware a s  a  source of inocula f o r  d ry  h e a t  r e s i s t a n c e  s t u d i e s .  
Since a l l  spo res ,  inc luding  those found on s p a c e c r a f t ,  b a s i c a l l y  a r e  
of s o i l  o r i g i n ,  d u s t  i n  t he  v i c i n i t i e s  of manufacture,  assembly and 
t e s t i n g  of s p a c e c r a f t  would be t h e  next  most l o g i c a l  source of n a t u r a l l y  
occurr ing  spore  populat ions f o r  h e a t  s t u d i e s .  I n  t h i s  contex t ,  d u s t  
samples were c o l l e c t e d  a t  Cape Kennedy from t h e  fol lowing a r e a s ,  which 
presumably w i l l  be used f o r  t h e  assembly and t e s t  of Viking s p a c e c r a f t :  
(1) Hangar AO; d u s t  from a vacuum c l eane r  used exc lus ive ly  i n  t h a t  
a r ea ,  (2) Hangar AM; dus t  c o l l e c t e d  d i r e c t l y  from HEPA f i l t e r  banks 
with the  use of a  vacuum probe, and (3) Area 60-A; d u s t  from p r e f i l t e r  
pads c o l l e c t e d  with a  vacuum probe. A l l  d u s t  samples were processed 
i n  the  usual  manner (Report Ho. 19) wi th  e thanol  and s to red  a t  4 C .  
Surv iva l  curves a t  125 C w i l l  be determined and i s o l a t i o n s  w i l l  be 
made from p l a t i n g s  of t he  longes t  hea t ing  i n t e r v a l s .  These i s o l a t e s  
w i l l  be sporu la ted  i n  SSM-10 l i q u i d  medium (Report No. 25) and t e s t e d  
i n  o rde r  t o  eva lua t e  the c a p a b i l i t i e s  of t h i s  medium i n  y i e l d i n g  sub- 
cu l tu red  spores  having dry  h e a t  r e s i s t a n c e  comparable t o  t h e i r  
n a t u r a l l y  occu r r ing  coun te rpa r t s  (Reports No. 26 and 27) . 
A coopera t ive  study wi th  the  Un ive r s i t y  of Minnesota was i n i t i a t e d  
and w i l l  be completed d u r i n g - t h e  next  q u a r t e r .  The bas i c  o b j e c t i v e  i s  
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t o  determine t h e  e f f e c t  of t e s t  systems and personnel on D 125C va lues  
f o r  two spore  crops of 2. s u b t i l i s  va r .  n ige r .  Included i n  the t e s t s  
w i l l  be o n - s i t e  simultaneous t e s t s  by both teams i n  Phoenix and i n  
Minneapolis. 
3 .  A commercially a v a i l a b l e ,  v e r t i c a l  laminar flow b i o l o g i c a l  s a f e t y  
cab ine t  was evaluated f o r  e f f i c i e n c y  i n  providing product p ro t ec t ion  
and containment.  The unique f e a t u r e  of t h i s  v e r t i c a l  laminar flow 
cab ine t  i s  the  presence of a  h igh  speed a i r  s h i e l d  between the  ope ra to r  
and t h e  work space. Because the  e f f i c a c y  of the  laminar  flow concept  
i n  c o n t r o l l i n g  microbia l  contamination has been demonstrated i n  a v a r i e t y  
of con f igu ra t ions ,  t h i s  eva lua t ion  d id  n o t  r e p e a t  many of the q u a n t i t a t i v e  
t e s t s  which would have simply corroborated e x i s t i n g  knowledge. I n s t e a d ,  
t e s t s  were devised t o  s imula te  c e r t a i n  condi t ions  t h a t  might make t h e  
system f a i l .  
The cab ine t  was assembled, f i l t e r s  were l e a k  t e s t e d  and a i r f l o w s  
through the  supply and exhaust  fans  were ad jus t ed  by the manufac turer ' s  
t echn ica l  r e p r e s e n t a t i v e .  The c a b i n e t  was loca ted  i n  a  l abo ra to ry  a s  
shown i n  F igure  1. V e n t i l a t i o n  of t he  l abo ra to ry  cons is ted  of 400 cfm 
s i n g l e  pass f i l t e r e d  a i r .  The l abo ra to ry  was under nega t ive  p re s su re  
r e l a t i v e  t o  t he  hallway r e s u l t i n g  i n  an  i n f l u x  of a i r  whenever t he  door 
t o  the  l abo ra to ry  was opened. 
Microbio logica l  cha l lenges  of the  cab ine t  were made wi th  a e r o s o l s  
generated by e i t h e r  a  De Vi lb i s  40 nebu l i ze r  o r  a  Schoef fe l  a e r o s o l  
genera tor .  Tes t  suspensions were prepared by i n o c u l a t i n g  a  f l a s k  con- 
t a i n i n g  50 m l  of Trypt icase  Soy Broth (TSB) wi th  a  24-hour c u l t u r e  of 
S e r r a t i a  marcescens grown on a  Trypt icase  Soy Agar (TSA) s l a n t .  The 
inoculated broth was incubated f o r  24 hours a t  37 C and then r e f r i g e r a t e d  
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u n t i l  used. The concent ra t ion  of t he  t e s t  suspension was approximately 
9 1 x  10 v i a b l e  c e l l s  per  m l .  Tes t  organisms were recovered us ing  TSA 
i n  Reyniers s l i t  samplers,  s i e v e  samplers and s e t t l i n g  p l a t e s .  A 1 1  
p l a t e s  were incubated f o r  24 hours a t  32 C and counted. S e t t l i n g  p l a t e s  
were used on the work s u r f a c e  i n s i d e  the cab ine t ,  whi le  Reyniers  and 
s i eve  samplers were placed a t  va r ious  loca t ions  i n s i d e  and ouside t h e  
c a b i n e t ,  depending on the  experiment.  Because of t h e  i n t e r e s t  of NASA 
i n  product p ro t ec t ion ,  emphasis was placed on experiments concerned w i t h  
determining whether a i rbo rne  contamination ou t s ide  the  cab ine t  would 
pene t r a t e  i n t o  the work a r e a  and the degree of c ros s  contamination 
wi th in  the  work a r e a .  
Resu l t s  of 18 d i f f e r e n t  experiments demonstrated t h a t  the cab ine t  
provided e x c e l l e n t  p r o t e c t i o n  t o  t he  work area  when operated i n  a  s t a t i c  
cond i t i on .  However, d i s tu rbance  of the  h igh  speed a i r  s h i e l d  by any of 
s e v e r a l  dynamic a c t i v i t i e s  r e s u l t e d  i n  the  pene t r a t ion  of t he  work a rea  
by a i r b o r n e  contamination o u t s i d e  the  cab ine t .  I n  these  experiments 
c l o s i n g  and opening of the  l abo ra to ry  door ,  walking p a s t  t he  f r o n t  of 
the  cab ine t ,  and moving t h e  hands and arms i n  and o u t  of t h e  cab ine t  
a l l  r e s u l t e d  i n  d e t e c t a b l e  contamination reaching  the  work a r e a .  
It was a l s o  found t h a t  contamination generated i n s i d e  the  c a b i n e t  
tended t o  spread from the po in t  of o r i g i n  t o  o the r  po in t s  i n  t he  work 
a rea  before  being exhausted from the cab ine t .  It was f e l t  t h a t  t h i s  
c ros s  contamination occurred because the  work s u r f a c e  was not  per fora ted  
and a i r  was exhausted only from the  perimeter of the  work su r f ace .  
However, i n  view of  t h e  u n r e a l i s t i c a l l y  high l e v e l s  of con tamina t ion  
used i n  t h e s e  exper imenta l  c h a l l e n g e s  and t h e  r e l a t i v e l y  low l e v e l s  
d e t e c t e d  i n  t h e  p r o t e c t e d  a r e a s ,  t h e  degree  of p r o t e c t i o n  a f f o r d e d  was 
g r e a t  compared w i t h  performing t h e  same o p e r a t i o n  i n  a n  open l a b o r a t o r y .  
4. An e f f o r t  was made t o  e s t i m a t e  t h e  c o n c e n t r a t i o n  of b u r i e d  m i c r o b i a l  
con tamina t ion  i n  e l e c t r o n i c  components. Because o f  d i f f i c u l t i e s  
exper ienced  i n  o b t a i n i n g  components used i n  o r  d e s t i n e d  f o r  s p a c e c r a f t  
hardware i t  was n e c e s s a r y  t o  r e s o r t  t o  s e v e r a l  c i r c u i t  boards  ob ta ined  
f o r  u s  by t h e  P l a n e t a r y  Q u a r a n t i n e  O f f i c e r  from a  r a d i o  supp ly  house  i n  
Washington, D.  C .  Each o f ' t h e s e  f i b e r g l a s s  boards  c o n t a i n e d  a  number of 
r e s i s t o r s  o f  d i f f e r e n t  types  and s i z e s  which were removed, c a t e g o r i z e d  
and t e s t e d .  
The i n i t i a l  a s s a y  f o r  m i c r o b i a l  con tamina t ion  was performed i n  a  
manner s i m i l a r  t o  t h a t  used i n  t h e  p r o b a b i l i t y  of r e l e a s e  s t u d i e s  con- 
ducted a t  t h i s  l a b o r a t o r y  (Reports  No. 1 8 ,  19 ,  20 and 2 1 ) .  R e s i s t o r s  
of t h e  same t y p e  and s i z e  were measured wi th  a  micrometer ,  s u r f a c e  de-  
contaminated w i t h  p e r a c e t i c  a c i d  i n  accordance w i t h  NASA Standard 
Procedures  f o r  t h e  M i c r o b i o l o g i c a l  Examination of Space Hardware, 
a s e p t i c a l l y  broken i n  h a l f  and p laced  i n  tubes  c o n t a i n i n g  25 m i  of  TSB. 
The c i r c u i t  boards  were c u t  i n t o  112 i n c h  s t r i p s  a b o u t  1-112 i n c h e s  
long.  These s t r i p s  were s u r f a c e  decontaminated,  a s e p t i c a l l y  broken i n  
h a l f  and placed i n  t u b e s  c o n t a i n i n g  25 m l  of TSB. A 1 1  t u b e s  were 
incuba ted  a t  32 C f o r  30 days  and observed f o r  growth.  
Tab le  3  p r e s e n t s  t h e  number o f  each type of component a s s a y e d ,  t h e  
t o t a l  f r a c t u r e  a r e a  exposed and t h e  m i c r o b i o l o g i c a l  r e s u l t s .  Only one 
tube showed growth which was i d e n t i f i e d  a s  a  B a c i l l u s  spp.  
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A number of tubes  iron1 each b a t c h  of components w i l l  now be t e s t e d  
f o r  t h e  p resence  o f  growth i n h i b i t o r s  by i n o c u l a t i n g  t h e  t u b e s  w i t h  
B. sub t i1 i . s  v a r .  niger. The remaining component h a l v e s  w i l l  be a s e p t i -  
- 
tally recovered  from t h e  tubes  and f r a c c u r e d  a g a i n ,  i f  p o s s i b l e ,  o r  
assayed by p u l v e r i z a t i o n  i n  accordance w i t h  NASA Standard Procedures  
f o r  t h e  M i c r o b i o l o g i c a l  Examination o f  Space Hardware. 
5 .  M i c r o b i o l o g i c a l  s t u d i e s  were performed on t h e  Apol lo  12 s p a c e c r a f t  
d u r i n g  i t s  assembly and t e s t i n g  a t  t h e  Kennedy Space Cente r .  The l e v e l s  
of microbial con tamina t ion  p r e s e n t  on t h e  Command Module (CM-108), 
Ins t rument  U n i t  ( IU) ,  S a t u r n  S-4B s t a g e  ( s - 4 ~ )  and t h e  s p a c e c r a f t  Lunar 
lfodule Adapter  (SLA) a r e  p resen ted  i n  Tab le  4 .  Contaminat ion l e v e l s  f o r  
the  CM, I U ,  S-4B, and SLA remained b a s i c a l l y  t h e  same throughout  t h e  s t u d y  
per iod excep t  f o r  11-3-69 When t h e y  were a b o u t  a  l o g  lower on t h e  CM and 
I .  The i n t e r i o r  s u r f a c e s  of t h e  SLA were found t o  be contaminated w i t h  
r e l a t i v e l y  low l e v e l s  o f  microorganisms (x. 28/sq .  f t . ) .  These d a t a  
were c o n s i s t e n t  w i t h  t h e  SLA r e s u l t s  of p r i o r  Apol lo  s p a c e c r a f t  (Repor t s  
No. 25, 26, and 2 7 ) .  Although t h e  l e v e l s  of a e r o b i c  mesophi l i c  micro- 
organisms were s i m i l a r  among t h e  CM, I U ,  and S-4B, t h e  c o n c e n t r a t i o n  of 
b a c t e r i a l  s p o r e s  on t h e  CM was approx imate ly  I t o  2 l o g s  lower t h a n  t h e  
I U  and S-4B. I n  a d d i t i o n ,  no molds were d e t e c t e d  on t h e  CM o r  S-LA 
i n t e r i o r  s u r f a c e s ;  molds were d e t e c t e d  on t h e  I U  and S-4B s u r f a c e s  o n l y  
on t h e  f i n a l  sampl ing p e r i o d ,  11-12-69, 
Tab le  5 shows t h e  q u a n c i t a t i v e  d a t a  f o r  t h e  i a c e r i o r  and e x c e r i o r  
s u r f a c e s  of t h e  a s c e n t  and d e s c e n t  s t a g e s  o f  r h e  Lunar Module 6  (LX-6). 
The l e v e l s  of m i c r o b i a l  con tamina t ion  on t h e  i n t e r i o r  s u r f a c e s  o f  t h e  
a s c e n t  s t a g e  (LAI) of t h e  LM-6 were approx imate ly  i l o g  h i g h e r  t h a n  t h o s e  
observed f o r  t h e  e x r e r i o r  s u r f a c e s  of t h e  a s c e n t  s t a g e  ( U E )  of t h e  LM-6. 
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T:?O ,, e ~ + e - ' - - o "  , ,; , s u r f a c e s  of che d e s c e n t  s t a g e  ('LDE) nad contanina:ion l e v e l s  
a p p r o s i ~ z t e l y  I l o g  1)iglier than  t h e  L/;:, sild s i r n l l a r  t o  those  on t h e  LAI .  
Tile s u r f a c e s  of t h e  LAE and LDE showed 2 h i g h e r  percen::age or' b a c t e r i a l  
s p o r e s  t h a n  was detecteci  on t h e  LAI s u r f a c e s  $able  6), These d a t a  
correspond w i t h  those  obtaFned from prev ious  Apol lo  s ~ z c e c r a f t .  
Table  7 shows a  comparison o f  tile l e v e l s  of m i c r o b i a l  con tamina t ion  
deEected on t h e  Apol lo  10 ,  il,  and 12 s p a c e c r a f t .  The l e v c i s  o f  t h e  
a e r o b i c  mesophi l i c  microorganisms per  s q u a r e  f o o t  of s u r f a c e  f o r  t h e  
t h r e e  CK were s i m i l a r .  The I U  and S-4-13 o f  Apol lo  12 had l e v e l s  s i m i l a r  
t o  those  of ApoLlo L O ,  b u t  h i g h e r  &. I l o g  p e r  s q u a r e  f o o t )  t h a n  those  
d e t e c t e d  on Apollo 11. Contaminat ion l e v e l s  were lower on t h e  S-LA o f  
~ I p o P l o  12 than  on Apol lo  10 o r  11. The p e r c e n t a g e s  of b a c t e r i a l  s p o r e s  
f o r  t h e  CN, TU, and S-4.B were lower than  t h o s e  of Apol lo  1 0  and l P .  The 
p e r c e n t s g e s  of molds o a  a l l  components of Apol lo  1 2  were lower t h a n  those  
of Apol io  10 and 11. 
A comparison o f  t h e  l e v e l s  o f  m i c r o b i a l  c o n t a m i n a t i o a  o f  t h e  Lunar 
Moduies i s  p resen ted  i n  T a b l e  8. The LA1 and CAE of Apol lo  12 had lower 
numbers of microorganisms t h a n  Apol lo  L O  o r  Apol lo  11. The LDE of Apol io  
12 was found t o  have con tamina t ion  l e v e l s  s i m i l a r  t o  ApoLlo 10 ,  b u t  h igh-  
e r  t h a n  t h o s e  on Apol lo  11. The percen tage  of b a c t e r i a l  s p o r e s  f o r  
Apol lo  12 was l e s s  t h a n  t h a t  of Apoi lo  10 cad Apol lo  li. 
A t o t a l  o f  approx imate ly  2,000 b a c t e r i a l  c o l o n i e s  were i s o l a t e d  
from t h e  Apollo 12 s p a c e c r a f t .  Thcse i s o l a t e s  a r e  b e i n g  i d e n t i f i e d  and 
r e s u l t s  w i l l  be r e p o r t e d  d u r i n g  the  n e x t  q u a r t e r ,  
A t t e a t i o n  i s  c a l l e d  t o  a n  e r r o r  on B i g a r c  2  ( P e r c s n t a g e s  of Micro- 
organisms Considered :o be Ind igecous  t o  Rurnans on t h e  Apol io  1 0  and 11 
s p a c e c r a f t )  of  Repor t  KO.  27. T h e  percci1'cage of  microorgar-,isms f o r  t h e  
SiA f o r  Apol lo  I l  shou ld  be 25%, r a t h e r  than  75%. 
6 .  P l a n s  a r e  be ing  made t o  e v a l u a t e  t h e  computer i d e n t i f i c a t i o n  scheme 
developed by t h e  Sandia  C o r p o r a t i o n  d u r i n g  t h e  n e x t  q u a r t e r .  I n i t i a l  
keys and programs have been completed and p r e l i m i n a r y  t e s t s  i n d i c a t e  
t h a t  t h e  sys tem should  work e f f e c t i v e l y .  
TABLE 1. IDENTIFICflTION SCIIEME FOli BACILLUS SPECIES 
B. mega te r ium 
- 
B. c e r e u s  
- 
B. l i c h e n i f o r m i s  
- 
B. s u b t i l i s  
- 
B. p u m i l u s  
- 
B. c o a g u l a n s  
- 
B . b a d i u s  
- 
3 .  polymyxa 
- 
B. macerans  
- 
- Gas - 
- -1- - 
- 4- - 
- 3 -  + 
B. c i r c u l a n s  
- 
G. l a t e r o s p o r u s  
- 
13. b r e v i s  1- - - + - - 
- + - + - I- - 021 





B. s p h a e r i c u s  - - - - - + - - - 
- - 035 
Nd = no  data 
TABLE 2. 103 TI,\RTNIZR PMtS ' 69  SPORI2 ISOLtATES: DTSlRIRU'I'IO:; 0';' SI'LCIES &ID D 1 2 j c  VALUZS 
s~xc:[I;:; FOUND D E 2 5 c  VALUES ( n i n ,  ).;< R AT\: G S 
-- .- - - -- . - - - - .- - - -- . .-. . .- 
A t y p i c a l  B?cil-1-us 




--."- - - - 
*l:ii-M!'N 1)stn (See  Q.1:. NO. 26)  
TABLE 3 .  RESULTS OF ASSAYS OF ELECTRONIC COPIPONENTS FOR BURIED CONT&IINATION 
Area exposed 
Type o f  i n  each  t u b e  No. t u b e s  
Batch component No .  f r a c t u r e d  (mm2 > w i t h  growth 
1 
R e s i s t o r  
Res is  t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
F C i r c u i t  board  5 3 39.8 0 
TABLE 4 .  LEVETAS OF MICROBIAL CONTAMINATION DETECTED O N  TIIE APOLLO 12 COHXAND MODULE (CM-108), 
INSTRUbIENT UNIT (IU) , SATURN S-4E (S-4R), AND THE SPA4CECRAFT LUNAR MODULE ADAPTER ~(SLII) .  
No. microorganisrtns p e r  s q u a r e  f o o t  
Area - 
Date sampled 2 Aerob ic  Anaerobic Molds 
Source  sampled ( s q . i n . )  Aerobes Anaerobes s p o r e s  s p o r e s  ( p e r c e n t )  3 
CM- 108 10-21-69 6 0 5 . 8  x l o 4  2 .7  x lo4  8 .4  x lo1 1 . 2  x lo1 0 . 0  
11-03-69 6 0 9.4 x l o 3  5 . 6 ~  l o 3  7 .2  x lo1 3 . 6  x lo1  0 . 0  
11-07-69 6 0 3.7 x 104- 1 . 8  x 104 2 . 4  x 101 0 0 . 0  
11-13-69 6 0 4 . 1  x l o 4  1 . 8  x 104 2 . 4  x lo1 3 . 6  x lo1 0 .0  
Samples were  t a k e n  from t h e  i n t e r i o r  s u r f a c e s  o f  t h e  s p a c e c r a f t  l o c a t e d  a t  Launch Complex 39 A. 
2 Swab-r inse  t e c h n i q u e .  
P e r c e n t a g e  of  t o t a l  a e r o b i c  m e s o p h i l i c  microorganisms.  
TABTrF, 5 .  LEVELS OF MICROGIATJ COXT~~III? : IZTIOIi  DETECTED ON LUNAlI FlODULR 6 (APOLLO 1 2 ) .  
Source 
Area 
Date sampled 1 
sampled ( s q .  i n .  ) 
Ascent s t a g e  4-22-6g2 60 
( i n t e r i o r )  6-19-6g2 60 
7-05-6g3 6 0 
10-31-63'' 60 
11-06-6SL!. 6 0 
11-10-6gL" 60 
No. microorganisms p e r  s q u a r e  f o o t  
-----" ---- - 
Aerobic Anne]-obic 
Aerobes Anaerobes s p o r e s  s p o r e s  
-- -----.- ------ 
6 . 6 ~ 1 0 ~  3 . 6 ~ 1 0 ~  1 .7  x l o 2  0 
9 . 7 ~ 1 0 ~  4 . 8 ~ 1 0 ~  7 .0  x l o 2  6 . 0  x lo1 
1 . 3  l o 5  5 . 0  l o 4  3 . 6  x l o 2  1 . 9  x l o 2  
3 . 3 x 1 0 4  1 . 4 ~ 1 0 ~  7.2  x 10' 0 
9 . 4 x 1 0 4  1 . 8 ~ 1 0 ~  1.1 x l o 2  6,O x l o L  
1 . 9 ~ 1 0 ~  6 . 3 ~ 1 0 ~  3 . 6  x 10' 1 . 2  x lo1  
Ascent s t a g e  4-22-692 60 3,O x 103 2 . 8  x 102 7 . 2  x 101 1 . 2  x 101 
( e x t e r i o r )  5-22-692 6 0 9 . 7 ~ 1 0 3  8 . 6 ~ 1 0 3  8.4 x 101 9 . 6  x 101 
6-19-692 60 1 . 1 ~ 1 0 4  5 . 1 ~ 1 0 3  1 . 2  x 102 3 . 6  x 1 0 3 -  
7-08-693 60 3 . 0 ~ 1 0 3  1 . 4 ~ 1 0 3  1 . 6  x 102 1 . 8  x 102 
10-31-694. 6 0 2 , 9 x 1 0 3  9 . 4 ~ 1 0 2  7 . 2  x 101 2 - 4  x 101  
11-06-694 6 0 1 . 5 ~ 1 0 3  2 . 0 ~ 1 0 2  3 .6  x 101 2 . 4  x 101- 
11-10-694 60 1 . 8  l o 3  1.0 l o 3  6 . 0  x 10' 2 . 4  x 10' 
Descent s t a g e  4-22-692 6 0 5 . 0  x 103 1 . 5  x 103 1 . 6  x 102 2 ' 4  x 101. 
( e x t e r i o r )  5-22-692 60 2 .2  x 104 9 - 1  x 103 2 . 8  x 102 2.4- x 1.02 
6-19-692 60 5 . 1  x 104 2 . 9  x 104- L t . 1  x 102 7 . 2  x 101 
7-08-693 6 0 1 . 4  x 104- 1 , 2  x 104 1 . 2  x 102 8.4- x 101  
10-31-.69'1. 6 0 1 . 2 ~ 1 0 4  5 . 7 ~ 1 0 3  1 . 8  x l o 2  0 
11-06-694 60 2 .0  x 103 5 . 8  x l o 2  1.1 x l o 2  1 . 2  x 101- 
11-10-6g4 60 1 . 9  x 104 9 .4  x l o 3  1 . 2  x 102 7.2 x lo1  
-- - A - -- - --. - -- - -.- - - -- 
I Swab-r inse  t e c h n i q u e .  
Samples were t a k e n  t ~ h i l e  moclules v e r e  l o c a t e d  j.n the Planned S p a c e c r a f t  Opera t ions  B u i l d i n g ,  
Samples were t aken  w h i l e  modu1.e~ v e u e  l o c a t e d  i n  t h e  Vehic le  Assenlbly B u i l d i n g .  
4 Samples were t a k e n  w h i l e  n~oclules were  l o c a t e d  a t  Launch Complex 3911. 
','lISLE 6 .  CO?iP;il'UTiVLC LZVELS OF AEROBIC BACTElIIAL SPORZS AND >IIOLi)S DETECTEI? 
OX SUiTFACES OF TiiE ASCENT AND DESCENT STLlGES OF LU;tf;I", i4GDL-LE 6. 
Area p e r c e n t 2  
DJ 22 s z n ~ p i c d  1 A e r o b i c  
Source  s nr~ip l e d  ( s q .  i n . )  B n c t c r i a l  s p o r e s  Xolds  
11s c c n t  s t a g e  ~ 1 - - 2 2 - 6 3 ~  





Asccnc s Cage 4-22-6g3 






D ~ s c e n t  s t a g e  4-22-6g3 






S w ~ b - r i n s  e t e c h n i q u e .  
P e r c e n t a g e  o f  t o t a l  a e r o b i c  m e s o p h i l i c  mic roo rgan i sms .  
S a m l l e s  w e r e  t a k e n  w h i l e  modules w e r e  l o c a t e d  i n  t h e  Manned S p a c e c r a f t  
O p e r a t i o n s  B u i l d i n g .  
4 Samples w e r e  t a k e n  w h i l e  modules w e r e  l o c a t e d  i n  t h e  V e h i c l e  Assembly 
I j u i i d i n g  . 
Samples w e r e  t a k e n  w h i l e  modules w e r e  l o c a t e d  a t  Launch Complex 39A. 
TAUT,l': 7 .  CONPARISON OF THE LEVELS OF MICROBIAL CONTAMINATION DETECTED ON CO:VIPONE~<TS OF THE 
APOLLO 1 0 ,  11 AND 12 SPACECRAFT. 
Source  
No. microorganisms p e r  s q u a r e  f o o t  1 P e r c e n t  2 
- -- -- -- -- ---- 
Aerobic  Anaerobic Aerobic  
Aerobes Anaerobes s p o r e s  s p o r e s  s p o r e s  Molds 
Command l lodule 
Apol.10 L O  
Apol lo  11 
Apol lo  12 
Ins t rument  U n i t  
Apol lo  10  
Apol lo  11 
Apol lo  12 
S-Ltl3 s t a g e  
Apollo 10 
A ~ O I I O  113 
Apol lo  12  
SLA 
Apol lo  10 
Apol lo  1.1. 
Apol lo  12  
Average of t h r e e  f i n a l  sampl ing  p e r i o d s .  T o t a l  a r e a  sampled was 180 s q .  i n .  
Pe rcen tage  o f  t o t a l  a e r o b i c  m e s o p h i l i c  microorganisms.  
T o t a l  a r e a  sampled was 160 s q ,  i n .  
TABLE 8 .  CONFARISON OF TIIE LEVELS OF' MrCROCIAlL CONT&IT.NATlON UE'l'EC1'ED ON TTJE LURAl? PIODLITT,r,S 01: 
Source 
No. rnicroorganisrn~ per  squai-c f o o t  1 
-- ----- - - - 
p e r c e n t 2  
-- - 
Aerobic Anaerobic Acrobic 
Aerobes Anaerobes s p o r e s  s p o r e s  s p o r e s  lfolds 
Ascent s t a g e  ( i n t e r i o r )  
np0 l l o  10 1 . 8  x 105 1.0 x 105 3.7 x 102 3 . 2  x lo1 0 .21  0 .002 
Apollo 11 8 . 2  x  1 0 4  3 . 1  x  104 3 . 3  x  l o 2  6.4 x  lo1 0 . 4 1  0 , 0 3  
Apol lo  12 4 . 9  x  104 1 . 3  x  104 7 .2  x lo1 2 .4  x lo1 0 .15 0 . 1 6  
Ascent s t a g e  ( e x t e r i o r )  
Apollo 10 5 . 0 ~ 1 0 ~  1 . l X 1 o 3  1 . 5  x  l o 2  2 .0  x  lo1  3 .10 0 .32  
Apollo 11 5 . 1 ~ 1 0 ~  l . 2 x l o 3  1 . 8  x  10' 3 . 6  x 10' 3.50 2 .68  
Apollo 12 2 . 0 x l o 3  7 . 2 x 1 0 2  5 . 6  x  10' 2 . 4  :.: 10' 2 .75 0 , 3 9  
Descent s t a o e  ( e x t e r i o r )  
Apollo 1.0 7 1 . 6  x 104 1.1. x  104 5 . 1  x  102 5 . 4  x  101 3 .  1 3  1 .0%.  
Apol10 11 4 . 6 ~ 1 0 3  1 . 1 ~ 1 0 3  2 .6  x 102 2.4. x 101 5.69 1 . 1 4  
Apollo 12 1.1 x  104 5 . 2  x 103 1 . 4  x 102 2 . 8  x 101 1.25  0 .44  
Average o f  t h r e e  f i n a l  sampl ing p e r i o d s .  T o t a l  a r e a  sampled was 180 s q .  i n .  
2  Percen tage  o f  t o t a l  a e r o b i c  mesophi l i c  microorganisms.  
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FIGURE 1. LOCATION OF LAMINAR FLOW BIOLOGICAL SAFETY CABINET IN LABORATORY. 
